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ABSTRACT
We present the results of recent Chandra High-Energy Transmission Grating Spectrometer and Hubble Space
Telescope Cosmic Origins Spectrograph observations of the nearby Seyfert 1 galaxy NGC 3783 which shows
a strong, non-varying X-ray warm absorber and physically related and kinematically varying UV absorption.
We compare our new observations to high-resolution, high signal-to-noise archival data from 2001, allowing a
unique investigation into the long-term variations of the absorption over a 12 yr period. We find no statistically
significant changes in the physical properties of the X-ray absorber, but there is a significant drop of ∼ 40% in
the UV and X-ray flux, and a significant flattening of the underlying X-ray power-law slope. Large kinematic
changes are seen in the UV absorbers, possibly due to radial deceleration of the material. Similar behavior is
not observed in the X-ray data, likely due to its lower velocity resolution, which shows an outflow velocity of
vout ∼ −655 kms−1 in both epochs. The narrow iron Kα emission line at 6.4 keV shows no variation between
epochs, and its measured width places the material producing the line at a radial distance of ∼ 0.03 pc from
the central black hole.
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1. INTRODUCTION
There is increasing evidence that supermassive black holes
(SMBHs) co-evolve with the bulges of their host galaxies.
The tight correlation between the velocity dispersion of stars
in the bulge and the mass of the black hole at the center (M−σ;
e.g., Ferrarese & Merritt 2000; Gebhardt et al. 2000; Gül-
tekin et al. 2009; McConnell & Ma 2013; Kormendy & Ho
2013), suggests regulatory feedback (e.g., Silk & Rees 1998;
King 2003, 2005; McQuillin & McLaughlin 2013) from the
Active Galactic Nucleus (AGN), likely in the form of jets or
winds. Such winds give rise to blueshifted absorption lines
seen in the UV spectra of approximately half of Seyfert galax-
ies (e.g., Crenshaw et al. 1999), commonly the same AGN
which also show a ‘warm absorber’ (WA; Halpern 1984) in
their soft X-ray spectra (e.g., Reynolds 1997). This, along
with the similarity of the outflow velocities inferred, suggests
that the UV and X-ray absorbers are at least partly related
physically and may be different manifestations of the same
outflow (e.g., Mathur et al. 1994; Shields & Hamann 1997;
Crenshaw et al. 1999).
Despite their importance and prevalence, the properties of
these AGN winds are still not fully understood and their ori-
gin within the AGN structure is unclear. Two main scenar-
ios suggest that the winds responsible for the warm absorber
features are produced at very different locations. Krolik &
Kriss (2001) propose that a multi-temperature wind is formed
from photoionized evaporation of material off the inner edge
of the torus located at parsec-scales from the central SMBH.
However, Elvis (2000) suggests that a wind emerges vertically
from a narrow region on the accretion disk at ∼ 1000Rg (cor-
responding to 5× 10−4 pc for a 107M⊙ black hole) and is ra-
dially accelerated by radiation pressure and bent to an angle
of ∼ 60◦. Such a wind may produce the signature of a warm
absorber at pc-scales when it collides with the shell of gas
that has been swept up by radiation pressure and surrounds
the black hole at 1–100 pc (King & Pounds 2014).
Determining the radial distance of the absorbing material
from the central SMBH is therefore crucial for understanding
its origin within the AGN structure. However, this quantity is
not directly measurable (see e.g., Crenshaw & Kraemer 2012).
Since the thickness of the absorber cannot exceed its distance
from the SMBH an absolute maximum distance can be de-
termined (rmax ≤ Lion/ξNH; Turner et al. 1993). A minimum
can be estimated from the size of the C IV broad-line region
as this is always at least partially covered (e.g., Crenshaw &
Kraemer 2012) or by assuming the outflow is travelling at the
local escape velocity (e.g., Tombesi et al. 2013). More strin-
gent limits can be obtained from absorption of excited states
(e.g., Kaastra et al. 2004) or from variability of the absorption.
In particular, if the absorbers do not respond to changes in the
ionizing continuum, an upper limit on the density of the ab-
sorber is obtained, giving a lower limit on its radial distance.
Variability has been observed previously in WA; indeed,
the first WA was identified after an apparent increase in the
absorption column density (NH) occurred over ∼ 1 yr in
MR 2251-178 (Halpern 1984; Pan et al. 1990). Further ob-
servations with ASCA showed variations in NH and the ioniza-
tion parameter (ξ) on timescales of months to yrs, which were
explained by material moving in and out of the line-of-sight
(Kaspi et al. 2004). However, absorption in this AGN has
also been observed to remain stable over a period of ∼ 9 yrs
since 2002 (Reeves et al. 2013). There are many other exam-
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ples of AGN whose WA show variability, covering a range of
timescales. For example, short timescale absorption variabil-
ity was observed in MCG-6-30-15, with a factor of 2 increase
in NH seen over a period of 3 weeks (Fabian et al. 1994),
changes in individual absorption lines have been observed
over days (Gibson et al. 2007), and occultation events have
been observed to occur over . 8 hrs (McKernan & Yaqoob
1998; Marinucci et al. 2014). Longer timescale variability is
observed in Mrk 348, with a decrease in NH and ξ in some
of its absorption components occurring over 6 yrs (March-
ese et al. 2014), and Mrk 704 shows very large changes (up
to factors of ∼ 8 depending upon which spectral model is
adopted) in the covering factor, f , NH, and ξ over 3 yrs (Matt
et al. 2011). Similarly, Longinotti et al. (2013) report the re-
emergence of a WA in Mrk 335 after & 10 yrs of observations
in which no absorption was detected, indicating both large
and long-term variations. NGC 3516 shows absorption which
is variable over a range of timescales with an occultation oc-
curring over hours (Turner et al. 2008), changes in ionization
state occurring over months (Turner et al. 2005) and the ap-
pearance of fast kinematic components happening after years
(Holczer & Behar 2012). However, similar to MR 2251-178,
other AGN show periods in which their WA do not appear to
vary; e.g., NGC 5548 has shown periods of 3 yrs (1999–2002)
with no apparent change in its properties (Steenbrugge et al.
2005), but others (2002–2005) do show a decrease in the ion-
ization (Detmers et al. 2008). Later monitoring of this AGN
in 2007 with Suzaku over month-timescales again shows the
WA properties to be stable, despite large variations in the con-
tinuum flux (Krongold et al. 2010). Recent monitoring with
XMM-Newton during 2013 shows the nucleus of NGC 5548
to be obscured by a long-lasting, clumpy stream of ionized
gas, thus leading to a further change in the X-ray absorption
(Kaastra et al. 2014). The absorption components in Mrk 509
do not show short-term variation over a monitoring period of
36 days, despite an increase in soft X-ray flux of 60% during
the campaign. No long-term (3 to 9 yrs) changes are detected
either, suggesting the absorbing material lies at large (>pc)
distances from the black hole (Kaastra et al. 2012). Intrin-
sic UV absorption has also been observed to vary in many
sources, due to changes in the ionization state of the material
or motion of material across the line of sight giving a variable
column density (e.g., Maran et al. 1996; Shields & Hamann
1997; Kraemer et al. 2001, 2002).
NGC 3783 is a nearby (z = 0.00976± 0.00009; de Vau-
couleurs et al. 1991), optically bright (V ≃ 13 mag) Seyfert 1
with a black hole mass of MBH = (2.98± 0.54)× 107M⊙ (Pe-
terson et al. 2004). It has been studied extensively in the X-ray
band and has a strong X-ray warm absorber (e.g., Turner
et al. 1993; George et al. 1998; De Rosa et al. 2002; Kaspi
et al. 2000, 2001, 2002; Blustin et al. 2002; Behar et al. 2003;
Brenneman et al. 2011). The first high-resolution grating ob-
servations from Chandra showed many blueshifted, narrow
absorption lines from hydrogen- and helium-like ions of Ar,
S, Si, Mg, Ne, and O, and L-shell transitions of Fe XVII
to Fe XXI as well as weak emission lines from O and Ne
(Kaspi et al. 2000). Further photoionization calculations in-
dicated these were due to two phases of gas with different
covering factors and different ionization levels (Kaspi et al.
2001). Kaspi et al. (2002; hereafter K02) presented a high
signal-to-noise (S/N), high-resolution X-ray spectrum from
900 ks of Chandra data obtained in 2001. Narrow absorp-
tion lines from Fe, Ca, Ar, S, Si, Al, Mg, Ne, O, N, and
C were again identified, with an average outflow velocity of
vout = −590± 150 kms−1. The lines showed an asymmetry in
their profiles, thought to be due to the two separate absorb-
ing systems. Absorption lines from lower ionization state
ions were also observed, along with M shell transitions of
Fe. Global photoionization modelling of this data set by Net-
zer et al. (2003) found it to be best described by three dis-
tinct absorption components with a large range in ionization
state (logUOX = −2.4,−1.2,−0.6)1, but a narrower range in col-
umn density (logNH = 21.9,22.0,22.3), with each split into
two kinematic components. However, the same data set was
modelled by Krongold et al. (2003) using only a two-phase
absorber (logUOX = −2.8,−1.2, logNH = 21.6,22.2) and the
same outflow velocity for each component (vout∼ 750 kms−1).
Similar models were found for XMM-Newton Reflection Grat-
ing Spectrometer (RGS; den Herder et al. 2001) data in which
absorption lines from Fe, Ar, S, Si, Mg, Ne, O, N, and C
were all identified. Two phases of gas, with logξ = 2.4,0.31,
logNH = 22.45,20.73, and an outflow velocity of∼ 800 kms−1
were used (Blustin et al. 2002). Holczer et al. (2007) im-
proved upon the traditional multi-component modelling by re-
constructing a continuous distribution of column density with
ionization parameter, also found in other Seyfert outflows (Be-
har 2009). No short-term variability of the absorption was
found in either the Chandra or XMM-Newton data. The lack
of response by the absorbers to changes in the continuum al-
lowed lower distance limits of r≥ 3.2,0.6,0.2 pc to be placed
on the components found in the Chandra data (Netzer et al.
2003), and r≥ 0.5 pc and r ≥ 2.8 pc for the high and low ion-
ization components identified in the XMM-Newton data (Be-
har et al. 2003). Longer timescale variations were observed
with early ASCA data when the opacity of the WA decreased
by a factor of ≈ 2 over an 18 month period (George et al.
1998). Changes in the ionization and column density may
have also occurred in the 8 yrs between 2001 and a Suzaku
observation in 2009 (Brenneman et al. 2011). The WA shows
no signs of variability within this 210 ks observation (Reis
et al. 2012).
NGC 3783 was the subject of an intensive monitoring
campaign in the UV from 2000 − 2002. Combining 18
epochs from the Space Telescope Imaging Spectrograph
(STIS; Woodgate et al. 1998) on board the Hubble Space
Telescope (HST) and 5 epochs from the Far Ultraviolet Spec-
troscopic Explorer (FUSE), Gabel et al. (2003a; hereafter
G03a) presented a high S/N spectrum covering 905 − 1730 Å.
This showed blueshifted absorption from O VI, N V, C IV,
N III, C III* and Lyα to Lyǫ and the previously detected kine-
matic components with outflow velocities of −1320 kms−1
and −548 kms−1 (components 1 & 2; Maran et al. 1996; Cren-
shaw et al. 1999), −724 kms−1 (3; Kraemer et al. 2001), and
−1027 kms−1 (4; Kaiser et al. 2002; Gabel et al. 2002). Gabel
et al. (2003b; hereafter G03b) also found component 1 to be
decelerating, and that the deceleration was increasing. This
may be due to the directional shift of an absorber with re-
spect to our line of sight or different regions of a continuous
flow crossing our sightline. No decelerations were detected in
the other kinematic components. Component 1 has also been
shown to be composed of two distinct, but co-located regions
(1a and 1b; Kraemer et al. 2001). Modelling by Gabel et al.
(2005) found an ionization parameter of logU ∼ −0.51 for the
1Although the conversions between different definitions of the ioniza-
tion parameter depend upon the spectral energy distribution assumed for the
source, approximate relations are: logU = logξ − 1.5 (Crenshaw & Kraemer
2012) and logU = logUOX + 1.99 (Krongold et al. 2003).
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UV components 1b, 2, and 3, which is consistent with that
of the lowest-ionization X-ray absorber and distances of the
components were estimated to be r1 ∼ 25 pc, r2 ≤ 25 pc and
r3 ≤ 50 pc.
The wealth of high S/N, high-resolution spectroscopy
available for NGC 3783 has allowed a detailed characteri-
zation of its extremely rich X-ray absorption spectrum and
UV absorbing material. Our aim is to extend the work of
these studies and investigate the variability of the absorption
to determine how the material evolves over long timescales.
We therefore obtained a new 170 ks Chandra High-Energy
Transmission Grating Spectrometer (HETGS; Markert et al.
1994) observation (taken in 2013) to compare with the 900 ks
archival spectrum from 2001 in order to study the evolution
of the absorbers over more than a decade at high-resolution.
Previous high-resolution studies of NGC 3783 have only
probed timescales of up to ∼ 1 yr. We also obtained new
HST Cosmic Origins Spectrograph (COS; Green et al. 2012)
data taken within a few days of our X-ray observation to
investigate similar long-term variation in the UV absorption,
and further investigate the relationship between the X-ray
and UV absorbers. A description of our X-ray and UV
observations and data reduction is given in §2. We present
our main analysis including an investigation of the broadband
spectral shape, individual absorption lines and the kinematics
of the absorbers in §3. We summarize our conclusions in §4.
2. OBSERVATIONS
2.1. Chandra data
NGC 3783 has been observed by Chandra (Weisskopf et al.
2000) once in 2000 and extensively in 2001, resulting in a
combined exposure time of 888.1 ks. These data were orig-
inally reported in K02 and are re-analyzed here. In this
work we also report results from two new Chandra observa-
tions taken in March 2013 with a combined exposure time of
160.7 ks. Details of all these observations are given in Table 1.
Table 1
Chandra observation log
Obsid Seq No. Start Time Exposure time
(UTD) (ks)
00373 700045 2000 Jan 20 23:33:16 56.4
02090 700280 2001 Feb 24 18:44:57 165.1
02091 700281 2001 Feb 27 09:17:51 168.9
02092 700282 2001 Mar 10 00:31:15 165.5
02093 700283 2001 Mar 31 03:36:27 166.1
02094 700284 2001 Jun 26 09:57:42 166.2
14991 702799 2013 Mar 25 16:49:21 59.0
15626 702799 2013 Mar 27 14:08:06 101.7
Chandra performed the observations with the HETGS
(Markert et al. 1994), which consists of two separate grat-
ings, the High Energy Grating (HEG) and the Medium En-
ergy Grating (MEG), in the focal plane of the Advanced CCD
Imaging Spectrometer (ACIS; Garmire et al. 2003) which im-
ages the resulting spectra. All 8 observations were reduced
in a uniform and standard way using CIAO version 4.5 (Frus-
cione et al. 2006) and version 4.5.6 of the calibration database.
The X-ray spectra were extracted for each grating arm, HEG
and MEG, and for both the positive and negative first or-
ders. Higher order spectra, which include≤ 6% of the counts
in the first order, were not considered. Auxiliary response
files and redistribution matrices were generated using FULL-
GARF and MKGRMF respectively. The ±1st order spectra
were combined using a weighted mean with weights = 1/σ2
where σ = 1 +
√
N + 0.75 (Gehrels 1986)2 and N is the num-
ber of counts. The spectra from each of the 6 observations in
2000/2001 were combined (and hereafter will be referred to as
the 2001 data). The two observations in 2013 were also com-
bined and they did not show any significant differences before
addition. HEG data in the wavelength range 1.25 − 13 Å were
combined with MEG data in the range 1.7 − 26 Å, again using
a weighted mean. The total number of counts in the resulting
0.5–10.0 keV combined spectra were 909,903 for the 2001
data and 73,762 for 2013. No background counts were sub-
tracted in this analysis as their contribution is known to be
small (< 0.5% of the signal in HETGS/ACIS). The spectra
are corrected for a Galactic NH contribution estimated to be
NGalH = 1.4× 1021 cm−2 using equation (7) in Willingale et al.(2013) and the values E(B−V ) = 0.12 (Alloin et al. 1995) and
NHI = 9.91× 1020cm−2 from the Leiden/Argentine/Bonn sur-
vey (LAB; Kalberla et al. 2005).
The top panel of Figure 1 shows the ‘fluxed’, ±1st order,
combined HEG & MEG spectra for the 2001 data (black), and
the 2013 data (red) plotted in the rest-frame of NGC 3783.
The spectra are shown with a minimum bin size of 0.02 Å,
which is twice the bin size used in subsequent analyses. The
binning is also increased further where required, to ensure at
least 10 counts per bin in the 2013 spectrum and 80 counts
per bin in the 2001 spectrum. This improves the clarity of the
figure, allowing the absorption and emission lines to be seen
clearly (a more detailed view of individual absorption lines is
given in Figure 4). The spectra do not show features resulting
from the ACIS chip gaps, which would be wider than any of
the spectral features we investigate.
2.2. HST data
NGC 3783 has been observed multiple times in the UV. In
this work we present the most recent observation taken in
March 2013 with COS (Green et al. 2012) on board HST. The
observation was made within days of the recent Chandra ob-
servations described in the previous section. The observations
were performed using the G130M and G160M gratings each
with a resolving power of λ/∆λ≃ 16,000−21,000 and cover-
ing a wavelength range of 900–1450Å and 1405–1775Å re-
spectively. The exposure time of the observation was 3.884 ks,
as listed in Table 2.
Table 2
UV observations
Epoch Date Exposure Instrument/
Time (ks) Grating
1a 2000 Feb 27 5.400 STIS, E140M
2a 2001 Feb – Apr 63.784 STIS, E140M
3a 2002 Jan 06 4.942 STIS, E140M
4b 2004 May 5 24.338 FUSE
5b 2011 Mar 23 2.088 STIS, G430M
2011 May 26 4.553 COS, G130M/G160M
6 2013 Mar 30 3.884 COS, G130M/G160M
Notes. aPresented in G03b. bEpochs to be presented in J. Gabel et al. (in
preparation).
2In figures, the upper error is determined with σ+ = 1 +
√
N + 0.75 and
the lower error with σ
−
= N − N(1 − 19N − 13√N )
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Figure 1. Broadband X-ray spectra of NGC 3783. Top - the combined HEG & MEG, ±1st order, fluxed spectra from the 2001 (black) and 2013 (red)
observations. They are plotted with a minimum bin size of 0.02 Å, which is increased as necessary so as to ensure at least 10 counts per bin in the 2013 spectrum,
and 80 counts per bin for the 2001 spectrum. Shown in blue (solid) is the power-law fit to the data included in a Line Free Zone and within the wavelength range
2 − 6 Å (∼ 2 − 6 keV). This fit is also shown extrapolated to longer wavelengths (blue, dashed). A more detailed view of each spectrum from 2 − 11 Å is given
in Figure 4. Bottom - The ratio of the data to the power-law model shown in the top panel. The warm absorber at longer wavelengths/lower energies is clearly
visible. The lower ratios at λ < 2Å are not caused by significant continuum absorption, but are a result of not modeling the reflection component in this figure.
The spectra at λ & 11 Å show many emission lines, likely from the narrow-line region (NLR).
We also re-consider earlier HST data taken with STIS
during the extensive monitoring campaign in 2001. These
data were taken with the E140M medium-resolution echelle
grating covering a wavelength range of 1144–1710Å with a
resolving power of R ≃ 45,800 and were originally reported
in G03a (see that paper for more details on the data reduction).
For consistency with G03b we refer to the UV observations
by an ‘epoch number’ as listed in Table 2. In this work we
consider observations from Epoch 2, as they most closely
match the observation dates of the 2001 Chandra data. They
have a combined exposure time of 63.784 ks. A FUSE
spectrum from 2004 and HST spectra from 2011, listed as
Epochs 4 & 5, will be discussed in J. Gabel et al. (in prepa-
ration). We refer to our most recent 2013 HST observation
considered in this work as Epoch 6. Portions of the UV
spectra are shown in Figure 2. Epoch 2 data from 2001 are
shown in black, and Epoch 6 data from 2013 are shown in red.
3. RESULTS
3.1. Broadband spectra
In this section we assess changes in the broadband spectra
of NGC 3783 between 2001 and 2013. Figure 1 shows the
2001 X-ray spectrum in black and the 2013 spectrum in red,
both corrected for Galactic NH and plotted against rest-frame
energy and rest-frame wavelength. We do not attempt a de-
tailed modelling of the broadband continuum which is chal-
lenging due to the complexity of the warm absorber and pos-
sible presence of a soft X-ray excess and Compton reflection
(e.g., De Rosa et al. 2002) for which we would require data at
higher energies to constrain fully. Instead, we fit a power-law
model to data in the range 2 − 6 Å (∼ 2 − 6 keV) which is less
affected by the absorption, allowing a simple comparison of
the spectral shape in the two epochs. We also only include in
the fitting those regions of the spectrum which do not contain
strong absorption lines i.e., the Line Free Zones (LFZ) defined
by Kaspi et al. (2001), although we note that few zones are
entirely line free, and absorption edges still contribute to cur-
vature in the spectrum. The best-fit parameters are not altered
significantly when the all the data in the energy range, not just
the LFZ, are used. The best-fitting model is shown in Figure 1
by the solid, blue line which is extrapolated to lower ener-
gies/longer wavelengths by the dashed, blue line. This figure
clearly shows a drop in the X-ray flux between 2001 and 2013
and we measure F2−6,2001 = (3.84± 0.01)× 10−11ergs−1cm−2
and F2−6,2013 = (2.25± 0.02)× 10−11 ergs−1cm−2 making the
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Figure 2. Sections of the UV spectra, clearly showing the drop in continuum flux between the two epochs and absorption troughs from the doublets of N V,
Si IV and C IV. The data from Epoch 2 (2001) are shown in black, while the new 2013 observations of Epoch 6 are shown in red. Black vertical lines indicate
the expected wavelength of the absorption lines in the rest-frame of NGC 3783 (z = 0.00976). The observed absorption troughs are noticeably blueshifted from
these values and are highlighted with the blue arrows and triangles. Arrows indicate blueshifted absorption lines due to the shorter wavelength line in the doublet,
while triangles indicate those due to the longer wavelength line. Numbers above the arrows refer to each of the UV kinematic components which are discussed
in detail in Section 3.3.2. Note that not every component is present in both epochs. The vertical magenta lines identify Galactic interstellar absorption lines due
to the ions shown in each respective panel. ISM lines due to other ions are also visible, but are not highlighted for clarity.
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decrease highly significant3. We also see a significant flatten-
ing of the continuum slope, with Γ2−6 = 1.37±0.01 measured
in the 2001 spectrum andΓ2−6 = 1.07±0.04 measured in 2013.
Such variations in the power-law slope may be intrinsic, likely
related to changes in the accretion flow close to the central
SMBH, or they may be only apparent changes. These can be
due to a change in the amount of absorbing material along the
line-of-sight to the central source, or due to a change in the
relative amounts of intrinsic and reflected emission contribut-
ing to the power-law observed. We comment on each of these
possibilities below.
The bottom panel of Figure 1 shows the ratio of each spec-
trum to its 2 − 6 Å power-law model. This allows a simple
comparison of the absorption at long wavelengths/low ener-
gies. The general shape appears similar in both epochs, sug-
gesting no dramatic change in the warm absorbers. Although
the narrow wavelength range (2–6 Å) over which we measure
the power-law slope contains only a few strong absorption
lines (e.g., from S between 3.5–5.4 Å), the warm absorber
could still impact the continuum through bound-free absorp-
tion (see e.g., Figure 5 of Netzer et al. 2003; the Ca and Ar
edges lie at 3.1 Å and 3.9 Å, respectively). We therefore mea-
sure the power-law slope over a series of progressively nar-
rower wavelength ranges in order to estimate better the in-
trinsic continuum slope and determine whether the change in
Γ between the two epochs is real, and not an artifact of in-
creased absorption in 2013. For the 2001 spectrum we mea-
sure Γ2−5 Å = 1.39± 0.01, increasing to Γ2−4 Å = 1.44± 0.02
and Γ2−3 Å = 1.47±0.05. This shows an apparent convergence
onΓ∼ 1.47 when more of the data thought to be contaminated
by the spectral signature of the warm absorbers are excluded,
indicating that they do affect shorter wavelengths/higher en-
ergies. Although this value is steeper as expected, it is still
lower than the Γ∼ 1.5−1.7 often reported for NGC 3783 from
models of the full spectrum (e.g., Blustin et al. 2002; Netzer
et al. 2003; Krongold et al. 2003; Reeves et al. 2004). The
power-law slope measured in the 2013 spectrum also steepens
when a narrower energy range is used (Γ2−5 Å = 1.13± 0.05,
Γ2−4 Å = 1.24±0.07, andΓ2−3 Å = 1.27±0.15), but remains sig-
nificantly flatter than in 2001, suggesting the observed change
is real and unrelated to the warm absorbers. These fitting re-
sults are not affected by the wing of Fe Kα.
The flattening of the power-law slope we see is consis-
tent with the commonly observed Γ-flux relation for AGN
(e.g., Taylor et al. 2003; Lamer et al. 2003; Pounds et al. 2004;
Vaughan & Fabian 2004; Miller et al. 2007; Gibson & Brandt
2012) in that the slope flattens with a decrease in flux. This
relation may be due to an increase in the fraction of the spec-
trum coming from reflection of the primary emission off some
distant material, which only responds to a decrease in contin-
uum flux after a time delay. We therefore model the 2001
spectra with a power-law plus neutral reflection model using
R = 0.9 as found in Suzaku observations (Brenneman et al.
2011; Reynolds et al. 2012) and assume Ecut = 200 keV and
cos i = 0.6. We then simulate spectra with the best-fitting pa-
rameters from this model, but with only 60% of the power-law
flux, consistent with the decrease previously observed. A sim-
ple power-law fit to these spectra over 2 − 6 Å gives Γ = 1.34.
Although this is flatter than Γ = 1.37 which is observed in
the 2001 data, it is not as flat as the value observed in 2013,
3We also estimate F2−10 keV,2001 = (5.55±0.03)×10−11 ergs−1cm−2 and
F2−10 keV,2013 = (3.20±0.05)×10−11 ergs−1cm−2 , corresponding to a drop in
flux of 42± 1%.
suggesting a fractional increase in the reflection component is
unable to account for the change in power-law slope between
the epochs. We also find that a stronger reflection component
e.g., R = 1.5 is unable to explain the change in Γ within our
data, which we note is not ideal for constraining a reflection
component.
A study of SDSS quasars with multiple Chandra observa-
tions suggests that changes in the intrinsic power-law slope
of ∆Γ = 0.3 are not uncommon (Gibson & Brandt 2012) and
similar, although smaller, spectral variations have been ob-
served within previous observations of NGC 3783. For exam-
ple, using XMM-Newton European Photon Imaging Camera
(EPIC; Turner et al. 2001; Strüder et al. 2001) data, Reeves
et al. (2004) observed a change in the power-law slope from
Γ = 1.57 at low fluxes to Γ = 1.71 at high fluxes, consistent
with the flux-Γ correlation, and the spectral variability ob-
served in BeppoSAX observations was also explained with a
small change of ∆Γ = 0.1 in the power-law slope (De Rosa
et al. 2002). Suzaku data also showed spectral variability on
both short (20 ks) and longer (100 ks) timescales due to the
central source, not the WA (Reis et al. 2012).
Long-term Rossi X-ray Timing Explorer (RXTE) moni-
toring of NGC 3783 shows considerable X-ray continuum
variations on all timescales (e.g., Markowitz & Edelson
2004), with 2 − 10 keV flux changes as large as ∆F ∼ 5×
10−11 ergs−1cm−2 occurring over∼ 20 days. Such changes are
consistent with our observations, and while some may be due
to absorbing material, for example the occultation event found
recently by Markowitz et al. (2014), others are more likely re-
lated to intrinsic variations within the X-ray continuum emit-
ting region than persistent, rapid changes in the absorption.
Figure 3 shows the long-term 2 − 10 keV X-ray light-curve
for NGC 3783. The black data come from RXTE monitoring
(Rivers et al. 2013), red tick marks indicate dates of HST ob-
servations, and colored symbols show X-ray fluxes from ob-
servations by other missions, including the magenta crosses
which correspond to each of the Chandra observations pre-
sented in this work.
Figure 2 shows broad sections of the UV spectra; Epoch 2
data (2001) are shown in black, and Epoch 6 data (2013) are
shown in red. It shows a drop in the continuum flux sim-
ilar to that seen in the X-ray band with the average 1270–
1520 Å flux in Epoch 6 being 40±4% of the average Epoch 2
flux over the same wavelength range. Similarly to the X-
ray continuum, the UV continuum is known to be highly
variable (e.g., Reichert et al. 1994). Also shown are ab-
sorption features due to the doublets of N V (λλ 1238.821 Å,
1242.804 Å), Si IV (λλ 1393.76 Å, 1402.77 Å) and C IV (λλ
1548.202 Å, 1550.774 Å). Black vertical lines indicate the
expected wavelengths of these absorption lines in the rest
frame of NGC 3783, and the absorption profiles observed are
blueshifted with respect to these positions, indicating the ma-
terial is outflowing. The absorption troughs due to the shorter
wavelength member of the doublet are highlighted by the blue
arrows, and those due to the longer wavelength line are shown
with solid blue triangles. The numbers shown above the ar-
rows correspond to different kinematic components. These
will be discussed in detail in §3.3.2, in which we present ve-
locity profiles of the spectra in order to investigate further the
outflow kinematics.
3.2. Individual absorption lines
The 900 ks X-ray spectrum taken in 2001 shows 135 narrow
absorption lines from hydrogen-like, helium-like and lower-
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Figure 3. Long-term X-ray lightcurve for NGC 3783. The black line indicates the 2 − 10 keV flux determined from RXTE data (Rivers et al. 2013), which show
a factor of 5 change in flux. The black arrow indicates the date of the apparent eclipse event found in the RXTE data by Markowitz et al. (2014). Colored symbols
indicate the 2 − 10 keV flux from observations by other X-ray missions. They include ASCA (blue, open circles; George et al. 1998), BeppoSAX (orange square;
De Rosa et al. 2002), XMM-Newton (green diamonds; Blustin et al. 2002, Reeves et al. 2004), Suzaku (cyan, filled circles; Miyazawa et al. 2009, Brenneman
et al. 2011), and Chandra (magenta crosses; this work). These fluxes are determined from a simple power-law fit to the spectra from each individual Chandra
observation used in this work. Note that Obsids 02090 and 02091 lie very close together on this figure. The dates of HST observations are indicated by the
red tick marks at the top of the figure. The numbers in brackets refer to the epoch numbers listed in Table 2. Data from HEAO-1 (Mushotzky et al. 1980), EX-
OSAT (Turner & Pounds 1989), and Ginga (Nandra & Pounds 1994) are also consistent with the range of fluxes shown in the figure, but are not included for clarity.
ionization ions of Fe, Ca, Ar, S, Si, Al, Mg, Ne, O, N, and
C, including 1s–2p, and many higher order (e.g., up to 5p)
transitions (K02; this work). Many of these absorption lines
are also seen in the 2013 spectrum, although due to its lower
S/N (9 at 7 Å compared with 37 at 7 Å in 2001) only those
with the highest equivalent widths (EW) are detected with a
high level of significance. However, these still originate from
a range of ionization species and different order transitions.
We look for changes in the absorption lines between epochs,
which may be indicative of variations in the ionization state,
column density, or line-of-sight covering factor of the absorb-
ing material.
In this section we only consider the spectra up to a wave-
length of 11 Å to ensure a good number of counts per bin
while being able to maintain a bin size of ∆λ = 0.01Å re-
quired for the identification of the absorption lines. The 2001
spectrum contains at least 100 counts per bin throughout this
wavelength range, while the 2013 spectrum contains > 10
counts per bin except for a few at longer wavelengths at the
locations of absorption lines (the total number of counts in-
cluded in each of the individual lines we consider in detail is
> 80).
The spectra from both epochs are individually modelled
with a power law to give a representation of the source con-
tinuum. We do not use a global power law fit to the full
2 − 11 Å spectrum as this does not give a good representa-
tion of the continuum due to the spectral curvature caused by
absorption edges. As our data are not well suited to a de-
tailed modelling of the continuum, in this analysis we simply
model the continuum to a level such that we can investigate
variations of the individual absorption lines. We do this using
narrow wavelength ranges (∆λ = 3 Å) corresponding to those
shown in each panel of Figure 4, over which the continuum
is approximately a simple power-law. We also only include
data in the LFZ. At longer wavelengths not enough data re-
main in the LFZ to give a reliable fit. Therefore, in order to
model the 8 − 11 Å range we extrapolate the power law fitted
to data within 6 − 9 Å. We therefore caution that the contin-
uum modelling in the > 9Å region may not be optimal but
we find no substantial changes to our results when we use the
alternative data range of 5 − 9 Å in the fit. We estimate a 1σ
error on the continuum level by considering the distribution of
residuals about the resulting best-fit power-law. We note that
the subsequent modelling of the individual absorption lines is
dependent on the continuum used.
In order to assess any changes in the depths of the absorp-
tion lines between epochs, we plot the ratio of the data to the
continuum fit in Figure 4. The 2001 data are shown in black,
and the 2013 data are shown in red. The bottom panel of each
sub-plot shows Nσ defined as
Nσ =
R2013 − R2001√
σ22013 +σ
2
2001
, (1)
where R2013 and R2001 are the two ratios and σ2013 and σ2001
are their errors (Filiz Ak et al. 2013). This indicator allows
a simple, visual indication of any potential changes between
epochs. It is expected to lie between ±1σ if the two spectra
are not significantly different in that particular bin, with sig-
nificant changes having |Nσ| > 3 (these levels are indicated
by the dashed green lines). Even with no real variations in
the absorption lines between the epochs, we still expect to
see Nσ values at > 1σ from purely statistical considerations.
The Nσ values are expected to follow a Gaussian distribution,
therefore of the 300 bins within any 3 Å segment, at least 95
are expected to have |Nσ | > 1, 14 will have |Nσ| > 2 and 1
will have |Nσ| > 3, regardless of any true variations of the
absorption lines between epochs. However, due to the lower
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Figure 4. A comparison of the absorption lines in the spectra from both epochs. The top panels plot the ratios of the spectra divided by the continuum, which is
modelled with a power law over the narrow wavelength range included in each panel (except for the 8–11 Å panel in which the continuum model is taken from
a fit to the data in LFZ within 6–9 Å). The 2001 data are shown in black and the 2013 data are shown in red, both with 1σ error bars, and are plotted against
rest-frame wavelength and rest-frame energy. The bottom panels show Nσ which is expected to lie between ±1 if there is no significant variation between the
two epochs. The dashed green lines show |Nσ | = 3 outside of which the spectra are significantly different in that bin. Strong, unblended absorption lines for
which individual Gaussian fitting is carried out are labelled on the figure. We caution that emission lines appear artificially enlarged in this ratio plot due to their
additive, rather than multiplicative nature.
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S/N of the 2013 spectrum which affects the continuum mod-
elling, there are many individual bins which display a signifi-
cant variation (> 3σ). These features are not due to chip gaps
which would produce features wider than the individual bin
size. The positions of the main absorption lines we consider
are labelled on Figure 4, and each typically covers 3 − 4 of the
0.01 Å bins. In some cases Nσ indicates a significant variation
in some, but not all of the bins within a line. We therefore in-
stead use Gaussian fitting of the individual absorption lines
which is more informative for assessing line variations.
We attempt to model each of the S, Si, Al, Mg, and Ne ab-
sorption lines that are listed as unblended by K02 with a Gaus-
sian profile. The lines for which a Gaussian offers a good fit
to the data are listed in Table 3 along with their transition (ob-
tained from NIST4) and rest-frame wavelength. They are also
labelled on Figure 4. In general, the line parameters we ob-
tain for the 2001 spectrum are similar to those presented in
K02. We note that more detailed analysis of the line profiles
(see e.g., K02) indicates that they are not strictly Gaussian and
have an asymmetry caused by material with different outflow
velocities (see §3.3). However, assuming a Gaussian model
is adequate for our purposes here, in which we compare line
flux estimates to assess whether a particular absorption line
has varied significantly in strength between epochs. For all
lines we fit a Gaussian profile to the 2001 data in which all
parameters are free to vary, and then fit the same Gaussian
shape to the 2013 data; i.e., we fix the mean and sigma val-
ues, and allow only the line flux to vary. This allows us to
determine whether the absorption line becomes stronger or
weaker in the new data, assuming that the line profile does
not change. These values are listed in Table 3 as the ‘2013
(fix)’ model. In some cases we are also able to fit a freely
varying Gaussian profile to the lines in the new data (listed in
Table 3 as ‘2013’), with λobs, σ, velocity shift and line flux
being determined from the best-fitting Gaussian parameters.
The full-width at half-maximum (FWHM) is determined from
FWHM (kms−1) = 2
√
2ln2
(
σ c
λobs
)
, (2)
where σ and λobs are in units of Å, and c is in kms−1. In cases
where the observed absorption line is thought to be comprised
of a doublet, the velocity shift quoted is calculated with re-
spect to the line of shortest wavelength. In Table 3 we list the
physical line fluxes of the absorption lines in the 2013 spectra,
and also quote a value which has been scaled using a factor
determined from the ratio of the continua from both epochs
at the line position (C2001/C2013). This removes the difference
introduced by the lower continuum flux level of the 2013 data
and allows a direct comparison of the line fluxes in each epoch.
The significance of each change in σ units, is listed.
Of the 19 absorption lines we consider, 5 have a line flux
which appears to vary significantly (> 3σ) between 2001 and
2013. For 3 of these, the absorption lines appear to be weaker
in the 2013 data while maintaining a similar profile shape.
These are the 1s – 2p transition of H-like Si XIV at a rest-
frame wavelength of 6.182 Å, the 1s – 2p transition of He-
like Mg XI at λrest = 9.169Å, and the 1s – 4p transition of
H-like Ne X at λrest = 9.708Å. However, in the original mod-
elling of these lines, the level of the continuum was fixed to its
best-fitting value. Therefore the errors on the line parameters
listed in Table 3 are statistical errors only, and do not include
4http://physics.nist.gov/PhysRefData/ASD/lines_form.html
a contribution from the systematic error resulting from the un-
certainty in the continuum placement. When the continuum
level is allowed to vary within its 1σ error bounds, the mea-
sured differences in the line flux between the two epochs are
no longer significant for each of the 3 lines (≤ 1.6σ).
The remaining two of the 19 lines show a change in
their profile shape. The C-like, Si IX doublet at λrest =
6.923,6.939Å appears as a single line in the 2001 spectrum,
but as two separate lines in the 2013 spectrum. This pre-
vents a direct comparison between the epochs, and since we
only model the data with a single Gaussian, an apparent in-
crease in the line flux is obtained. In the 2001 spectrum, the
H-like, Mg XII absorption line at λrest = 8.421Å has a broad
Gaussian profile with a FWHM of 1128± 31kms−1, but in
the 2013 spectrum the line is significantly narrower (5σ) with
FWHM = 662±83kms−1. This results in a significant change
in the line flux, despite the deepest point of the line being
consistent between epochs, in both position and depth. We al-
lowed the continuum level to vary in additional Gaussian fits
to this line, since the shape of the profile can also vary when a
different continuum level is used. The variation of the FWHM
is still significant between epochs (3.6σ), however, we note
that this line is likely not resolved in the 2013 spectrum. We
show an enlarged portion of the data in Figure 5 including the
Gaussian fitting to this line as an example.
Figure 5. The Gaussian fitting of the Mg XII absorption line at λrest =
8.421 Å. The 2001 data are shown in black and the 2013 data are shown
in red. A small artificial x offset of +0.0005 Å has been added to the 2013
data to improve the clarity of the figure by reducing symbol overlap. The
vertical blue line indicates λrest from which the absorption line is noticeably
blueshifted. The best-fitting Gaussian profiles are shown in green and the pa-
rameters of the Gaussian fit to the 2013 data were left free to vary. The shape
of the line profile is significantly narrower in the 2013 spectrum, even after
accounting for the error on the continuum placement. The 1σ error bounds
on the continuum level are indicated with the dashed black and red lines. The
FWHM values quoted on the figure also include the systematic error associ-
ated with the continuum placement and therefore differ from those in Table 3,
in which we list only the statistical errors.
In addition to comparing line fluxes derived from the Gaus-
sian modelling, we also compare the EWs of the lines. For
consistency with the previous work of K02 we derive this di-
rectly from the residuals, rather than the Gaussian fit. The EW
is given by
EW =
∑
i
(
1 − Fi
FC
)
Bi, (3)
where Fi is the flux in the ith bin, FC is the continuum level at
that bin, and Bi is the bin width (0.01 Å). The limits of sum-
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Table 3
Parameters of the Gaussian fits to the strongest, unblended absorption lines.
Species Data/ λobs σ FWHM vshift Line flux EW
(λrest) Model (Å) (mÅ) (km s−1) (km s−1) (×10−7 ph cm−2 s−1) (mÅ)
Physical Scaled
S XVI (4.729) 2001 4.7181± 0.0006 8.0± 0.5 1198± 81 −691± 39 138.8± 8.8 10.8± 1.9
(H-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 76.9± 8.6 161.9± 18.2 (1.1σ) 11.5± 5.0 (0.1σ)
S XV (5.039) 2001 5.0276± 0.0007 8.5± 0.6 1187± 89 −681± 39 139.2± 9.3 10.7± 2.2
(He-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 76.2± 10.7 154.0± 21.5 (0.6σ) 7.2± 4.8 (0.7σ)
2013 5.027± 0.002 7± 2 1014± 217 −736± 116 68.3± 14.3 83.0± 46.0 (1.2σ) 8.0± 5.7 (0.4σ)
S XIV (5.084,5.086) 2001 5.074± 0.002 7± 1 1003± 207 −567± 103 48.7± 9.5 3.2± 2.6
(Li-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 27.8± 13.0 56.8± 26.6 (0.3σ) 6.7± 4.9 (0.6σ)
S XIII (5.126) 2001 5.117± 0.001 6± 1 861± 134 −510± 60 71.7± 8.7 5.5± 2.0
(Be-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 19.3± 12.1 39.6± 24.8 (1.2σ) 4.3± 4.2 (0.3σ)
2013 5.106± 0.008 13± 9 1736± 1186 −1198± 450 40.4± 22.4 83.0± 46.0 (0.2σ) 6.2± 5.9 (0.1σ)
Si XIV (6.182) 2001 6.1681± 0.0002 11.2± 0.3 1276± 34 −676± 12 233.1± 5.1 21.4± 2.6
(H-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 79.6± 5.6 192.4± 13.5 (2.8σ) 14.5± 5.5 (1.1σ)
2013 6.1680± 0.0009 9± 1 976± 139 −677± 45 68.4± 7.4 165.3± 17.9 (3.6σ) 14.5± 5.5 (1.1σ)
Si XIII (6.648) 2001 6.6340± 0.0002 7.7± 0.3 816± 32 −633± 8 161.6± 4.3 13.5± 2.5
(He-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 63.8± 3.6 164.2± 9.3 (0.3σ) 11.6± 4.9 (0.3σ)
Si XIII (5.681) 2001 5.668± 0.001 8± 1 973± 129 −666± 60 67.0± 8.1 5.9± 2.5
(He-like, 1s – 3p) 2013 (fix) . . . . . . . . . . . . 46.5± 8.8 104.5± 19.7 (1.8σ) 5.4± 5.1 (0.1σ)
Si XI (6.778) 2001 6.7678± 0.0009 4.9± 0.5 515± 54 −451± 39 46.1± 4.1 4.8± 1.4
(Be-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 13.0± 4.0 34.0± 10.5 (1.1σ) 3.1± 2.9 (0.5σ)
Si X (6.854,6.864) 2001 6.842± 0.0003 6.4± 0.6 662± 66 −508± 14 80.0± 4.2 8.4± 2.2
(B-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 38.4± 3.7 101.8± 9.9 (2.0σ) 11.3± 4.0 (0.6σ)
2013 6.837± 0.001 8± 1 802± 135 −758± 61 42.3± 6.3 111.9± 16.6 (1.9σ) 11.3± 4.0 (0.6σ)
Si IX (6.923,6.939) 2001 6.912± 0.001 10± 1 1058± 104 −497± 43 63.2± 5.3 5.6± 3.5
(C-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 44.3± 5.6 118.4± 15.0 (3.5σ) 12.5± 5.7 (1.0σ)
2013 6.916± 0.003 15± 3 1547± 283 −302± 125 57.6± 9.0 153.9± 24.1 (3.7σ) 15.2± 8.1 (1.1σ)
Al XIII (6.053) 2001 6.029± 0.003 13± 3 1574± 354 −1197± 144 43.8± 8.9 3.0± 3.6
(H-like 1s – 3p) 2013 (fix) . . . . . . . . . . . . 12.1± 10.6 28.8± 25.1 (0.6σ) 1.5± 2.5 (0.3σ)
Al XII (7.757) 2001 7.7431± 0.0007 7± 1 608± 95 −537± 29 42.3± 4.3 5.2± 1.9
(He-like 1s – 2p) 2013 (fix) . . . . . . . . . . . . 17.7± 4.1 52.5± 12.1 (0.8σ) 5.7± 3.7 (0.1σ)
Mg XII (8.421) 2001 8.4020± 0.0004 13.4± 0.4 1128± 31 −675± 12 217.1± 5.3 28.6± 2.6
(H-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 55.9± 3.1 194.8± 10.9 (1.8σ) 10.2± 11.3 (1.6σ)
2013 8.404± 0.001 8± 1 662± 83 −603± 40 36.7± 4.3 128.0± 15.0 (5.6σ) 14.1± 6.8 (2.0σ)
Mg XII (7.106) 2001 7.0921± 0.0004 6.0± 0.7 632± 69 −589± 18 69.5± 4.2 7.9± 1.8
(H-like, 1s – 3p) 2013 (fix) . . . . . . . . . . . . 24.7± 3.9 67.4± 10.6 (0.2σ) 6.9± 3.5 (0.3σ)
Mg XI (9.169) 2001 9.1543± 0.0006 18.9± 0.6 1454± 44 −480± 18 241.3± 6.5 35.3± 3.1
(He-like, 1s – 2p) 2013 (fix) . . . . . . . . . . . . 41.2± 6.3 159.1± 24.2 (3.3σ) 16.2± 13.7 (1.4σ)
2013 9.149± 0.003 12± 3 953± 222 −654± 82 34.6± 6.4 133.3± 24.6 (4.2σ) 12.7± 10.1 (2.1σ)
Mg XI (7.851) 2001 7.8361± 0.0004 7.6± 0.5 685± 41 −569± 16 87.6± 4.2 9.7± 2.2
(He-like, 1s – 3p) 2013 (fix) . . . . . . . . . . . . 29.4± 3.7 87.6± 11.0 (No change) 9.0± 4.4 (0.1σ)
Mg XI (7.473) 2001 7.4595± 0.0006 6.6± 0.6 622± 57 −543± 22 62.1± 4.2 7.7± 2.3
(He-like, 1s – 4p) 2013 (fix) . . . . . . . . . . . . 21.0± 4.1 60.0± 11.6 (0.2σ) 6.3± 4.5 (0.3σ)
Ne X (9.708) 2001 9.6857± 0.0005 20.9± 0.8 1523± 57 −690± 16 290.0± 8.5 41.9± 2.1
(H-like, 1s – 4p) 2013 (fix) . . . . . . . . . . . . 43.0± 7.4 177.6± 30.5 (3.5σ) 25.7± 10.4 (1.5σ)
Ne X (10.239) 2001 10.2185± 0.0004 11.2± 0.5 770± 37 −599± 11 184.9± 6.2 22.5± 2.9
(H-like, 1s – 3p) 2013 (fix) . . . . . . . . . . . . 29.9± 5.6 131.8± 24.5 (2.1σ) 18.7± 11.5 (0.3σ)
Notes. In the ‘2013 (fix)’ model, the Gaussian shape is fixed to that used for the 2001 data, leaving only the line flux free to vary. For the 2013 data we quote both a physical line flux
calculated directly from the data, and also a value that has been scaled using the ratio of the continuum fluxes in both epochs, to enable a direct comparison. The significance of the flux
and EW changes between epochs for each line are listed in parentheses.
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mation are taken as the points at which the Gaussian profile
becomes indistinguishable from the continuum. The error is
estimated by
∆EW =
√√√√[∆FC
FC
∑
i
(
BiFi
FC
)]2
+
∑
i
(
Bi∆Fi
FC
)2
, (4)
where ∆Fi is the error on the flux in the ith bin and ∆FC is the
error on the continuum level, estimated from the distribution
of residuals about the best-fitting continuum level.
Unlike the original Gaussian modelling used to estimate
the line fluxes, the EW determination directly includes an es-
timate of the error on the continuum. Using this criterion,
none of the 19 individual absorption lines we consider show
a significant change in EW between the two epochs. The re-
sults obtained from comparing the EW between epochs, and
looking for changes in line flux, are therefore in good agree-
ment. The significances of each change in EW, all of which
are ≤ 2.1σ, are listed in Table 3.
As none of the 19 absorption lines we investigate shows
a significant variation between epochs considering both their
line flux and EW, dramatic changes in the physical proper-
ties of the absorbing material are unlikely. However, our abil-
ity to detect significantly a variation in the line depends on
the strength of the line itself (i.e., we might not significantly
detect a change in a line that is weaker). We note that the
19 lines we consider are the strongest in the data set, despite
covering a range of EW (∼ 40mÅ to ∼ 3mÅ), and therefore
these lines represent the best chance of detecting variations.
We estimate that for the Si XIV line (λrest = 6.182 Å), for ex-
ample, we would be able to detect changes in the line flux of
& 20% and & 50% at > 1σ and > 3σ significance, respec-
tively; continuum placement uncertainty largely sets these
lower bounds. However, photoionization modelling reported
in Netzer et al. (2003) suggests that some of the strongest ab-
sorption lines may be saturated, and are therefore less sen-
sitive to any changes in the column density. They include
Si XIV (6.182 Å), Si XIII (6.648 Å), Si XIII (5.681 Å), and
S XVI (4.729 Å), although S XV (5.039 Å), Si XI (6.778 Å),
Si X (6.854 Å), and Si IX (6.939 Å) are thought to be unsatu-
rated. Given the apparent lack of variation in the absorbing
material, detailed photoionization modeling is not required.
We find that the best-fitting model for the 2001 spectrum de-
termined by Netzer et al. (2003), which includes the effects of
three ionized absorbers, each split into two kinematic compo-
nents, provides a good fit to the 2013 data, further indicating
the constancy of the X-ray warm absorber.
With the exception of the Fe Kα emission line which is con-
sidered in detail in §3.5, we do not investigate the properties
of emission lines, many of which have λrest > 11Å where the
S/N of the 2013 spectrum drops considerably. However, these
emission lines are visible in Figure 1, and their contribution
may be higher in the 2013 spectrum. This is due to the lower
continuum flux level resulting in an increase in the relative
contribution from the extended X-ray emission of the NLR.
This increased emission could also cause apparent changes in
the profiles of some absorption lines, and may explain the nar-
rower shape of the Mg XII line we see. Figure 4 also shows a
Ne emission line at λrest = 9.708 Å (Ne X), which appears to
be considerably stronger in the 2013 spectrum. However this
is mostly an artifact of taking a ratio of the data and the addi-
tive, rather than multiplicative nature of emission lines, as the
line fluxes in the two epochs are consistent at 1.6σ when the
error on the continuum placement is also considered.
3.3. Kinematics
3.3.1. X-ray kinematics
In this section we consider the stacking of multiple ab-
sorption lines from the same element in order to improve
the statistics, and we do this in velocity space in order to
probe the kinematics of the absorbing material directly. Our
‘velocity spectra’ are built up on a photon-by-photon basis
using data directly from the event files rather than the spectra
already binned in wavelength. Each event file is filtered,
keeping events registered in the HEG or MEG and ±1st
orders. Events from bad pixels are discarded and our results
are not affected by spectral lines falling into ACIS chip
gaps. The velocity shift of each photon is determined with
respect to the expected wavelength of a number of different
spectral lines. We consider each of the spectral lines listed
by K02, excluding those which may be blended with lines
from a different element. Lines from H-like and He-like ions
of the same element are combined to give a larger number
of photons in each bin. While no correlation between the
ionization state and the blueshift of the lines was observed
by K02, lower blueshifts were measured for increasing
transition orders (e.g., 1s–3p, 4p, 5p). In our analysis we
include lines from all transition orders which may result in
a wider combined absorption profile. The velocity profiles
for S, Si, Al, Mg, and Ne are shown in Figure 6. We do not
show the profiles for Ca or Ar as they have a small average
number of photons per bin and do not show a significant
absorption profile. The individual lines included in each
profile and their rest-frame wavelengths are listed on the
figures. We also create a velocity profile by stacking all
of the 23 H- and He-like absorption lines of S, Si, Al, Mg,
and Ne resulting in a 2013 HEG profile with ∼ 115 counts
per bin and a 2013 MEG profile with ∼ 250 counts per bin.
These are shown in the top two panels of Figure 7. The
left-hand panels in Figures 6 and 7 show profiles created
from the HEG data, while the MEG profiles are shown on the
right. The two grating arms are considered separately due
to their different instrumental resolutions (∆λHEG = 0.012 Å,
∆λMEG = 0.023 Å). The expected width of the profile created
simply by the instrumental resolution is calculated from
σinst (kms−1) =
(
∆λ
λ
)(
1
2
√
2ln2
)
c, (5)
where λ is the shortest wavelength of any line included in the
stacking to give an indication of the worst resolution expected.
For each profile, the open-black circles show data from 2001
and the solid-red circles show data from 2013. Error bars are
determined from the number of photons included in each ve-
locity bin (Gehrels 1986), which have widths of 100 kms−1.
Each profile is divided by its own ‘continuum level’ (i.e., the
typical number of photons in bins with v < −2000 kms−1 and
v > 0 kms−1 which excludes the majority of the absorption
profile), such that the profiles from each epoch are normal-
ized to the same y-axis value of 1, allowing a direct compar-
ison. The blue arrows indicate the velocity shifts of the four
UV absorption components using the values listed in G03a.
We also plot Nσ calculated from both the number of counts
and the errors on each bin.
The velocity profiles shown in Figures 6 and 7 are mod-
elled with a Gaussian plus a constant fixed at 1.0 by defi-
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Figure 6. X-ray velocity profiles. The HEG (left) and MEG (right) velocity spectra are created by stacking absorption lines from H-like and He-like ions of
the elements S, Si, Al, Mg, and Ne. Data from the 2001 observations are shown by the black-open circles, and data from the 2013 observations are shown
by the red-solid circles. Error bars are computed from the number of counts included in each bin (Gehrels 1986). The bin size is 100 km s−1. The rest-frame
wavelengths of the individual absorption lines included in the profile are listed on each figure. The blue arrows indicate the locations of the four kinematic
components identified in the UV spectra, using the velocity shift values from G03a.
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Figure 7. X-ray velocity profiles. Top - velocity spectra created by stacking all 23 absorption lines due to H- and He-like S, Si, Al, Mg, and Ne into the same
profile. Bottom - velocity spectra created from only absorption lines due to lower ionization states of Si (Be-like, B-like, C-like, N-like, and O-like). Colors and
symbols are the same as in Figure 6. HEG profiles are shown on the left, MEG on the right.
Table 4
Gaussian fitting results for the X-ray velocity profiles
– – – – – – – – – – – 2001 – – – – – – – – – – – – – – – – – – – – – – – – – – – 2013 – – – – – – – – – – – – – – – –
Element Species Arm σinst vshift σobs Resolved? σtrue vshift (fixed) vshift σobs Resolved? σtrue Consistent
(km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1) vshift?
S H, He HEG 383 −653± 65 376± 66 × N/A −571± 200 . . . . . . . . . . . . 0.4σ
H, He MEG 734 −966± 73 525± 75 × N/A −847± 229 . . . . . . . . . . . . 0.5σ
Si H, He HEG 309 −603± 19 412± 20 X 273 −630± 75 −610± 61 311± 63 × N/A 0.3σ (0.1σ)
H, He MEG 592 −718± 19 525± 20 × N/A −757± 69 −758± 71 530± 74 × N/A 0.5σ (0.5σ)
Low HEG 225 −597± 28 224± 28 × N/A −697± 104 −711± 87 251± 91 × N/A 0.9σ (1.2σ)
Low MEG 432 −661± 40 322± 41 × N/A . . . −488± 70 250± 70 × N/A (2.1σ)
Al H, He HEG 266 −536± 22 78± 20 × N/A −510± 67 . . . . . . . . . . . . 0.4σ
H, He MEG 510 −544± 67 261± 68 × N/A −877± 262 . . . . . . . . . . . . 1.2σ
Mg H, He HEG 215 −587± 19 297± 19 X 205 −630± 79 −613± 50 179± 52 × N/A 0.5σ (0.5σ)
H, He MEG 412 −596± 21 395± 21 × N/A −773± 81 −759± 99 352± 101 × N/A 2.1σ (1.6σ)
Ne H, He HEG 157 −727± 25 406± 28 X 374 . . . . . . . . . . . . . . . . . .
H, He MEG 301 −734± 18 380± 19 X 231 −947± 99 −948± 138 379± 153 × N/A 2.1σ (1.5σ)
All H, He HEG 383 −612± 13 345± 13 × N/A −603± 47 −582± 34 220± 34 × N/A 0.2σ (0.8σ)
H, He MEG 734 −686± 13 429± 13 × N/A −782± 45 −779± 53 413± 54 × N/A 2.0σ (1.7σ)
Notes. σinst is the instrumental resolution for the shortest wavelength line included in the stack. Blank entries indicate no good Gaussian fit was obtained. In the case of Ne, this is
because the 2013 HEG velocity profile contains only∼ 5 counts per bin. The final column lists whether the velocity shifts measured for each profile are consistent between the two
epochs. Values quoted are the significance of differences between the fit to the 2001 data and the fixed profile fit to the 2013 data. Where possible, a comparison with a free profile fit is
listed in parentheses. ‘Low’ indicates the best-fitting results to the Si profiles constructed from low-ionization absorption lines only, rather than those from H- and He-like ions.
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nition, using a χ2 minimization technique. We model the
2001 data with both the centroid, vshift, and width, σobs, of
the Gaussian as free parameters. Where possible, we also
leave these parameters free to vary in the fit to the 2013 data
but we also fix the width of the Gaussian to that determined
in the 2001 data and allow only the centroid to vary. For a
velocity profile to be resolved, it must be broader than σinst
i.e., σobs −∆σobs > σinst where ∆σobs is the error on σobs. In
cases where this is true, the intrinsic width of the profile is
determined from σ2true = σ2obs −σ2inst. The best-fitting Gaussian
parameters from this modeling, along with the instrumental
resolutions for each profile, and an indication of whether a
particular profile is resolved or not, are listed in Table 4. The
final column of this table lists whether the velocity profiles
have a consistent velocity shift between the two epochs. This
is determined based on the values from the fixed shape profile
fits to the 2013 data; if a free fit was possible this value is also
quoted in parentheses. These values are all ≤ 2.1σ showing
that in general, the X-ray outflow velocities are consistent in
each epoch and there are no significant changes in the kine-
matic structure of the absorbing material. Profiles showing
the highest significance changes in velocity shift include the
MEG profile of H- and He-like Mg which shows a slight shift
toward a larger outflow velocity in 2013, however, in this case
(and many others) the profile for neither epoch is instrumen-
tally resolved and the velocity shifts obtained using the HEG
profiles are consistent. The MEG profile of Ne only includes
∼ 14 counts per bin in the 2013 spectrum, resulting in a poorly
defined profile. The MEG velocity profile produced from all
23 H- and He-like absorption lines of S, Si, Al, Mg, and Ne
shows a change in the velocity shift between epochs with a
significance of∼ 2σ, but again, the HEG profiles have consis-
tent velocities. With 10 profiles being considered, we might
expect to detect a velocity shift with > 2σ significance in at
least one case.
The weighted average velocity shift of the profiles listed
in Table 4 (H- and He-like only) is v = −647± 22 kms−1 in
2001 and v = −672± 66 kms−1 in 2013, which are consis-
tent with each other. The average velocity shift for 2013
from the fixed-profile fits is also consistent, although it does
have a larger error; −688±87 kms−1. These values also agree
with the average velocity shifts determined from the individ-
ual lines as listed in Table 3; v = −654± 14 kms−1 (2001),
v = −693±58 kms−1 (2013). The average widths of the veloc-
ity profiles are also consistent, σobs = 352±22 kms−1 in 2001
and σobs = 309± 69 kms−1 in 2013, although none of the pro-
files in the 2013 data are actually resolved. The asymmetry of
the profiles observed by K02, possibly as a result of another
absorption system with a higher outflow velocity, is not appar-
ent in the less well defined 2013 profiles. This justifies the use
of a single Gaussian in our fitting, which although perhaps not
strictly representative of the profile, allows us to make simple
comparisons between the two epochs.
In the case of Si we are able to construct velocity profiles
using lower ionization absorption lines e.g., those from
Li-like ions etc (rather than H- and He-like), which may
originate from different absorbing material. The best-fitting
Gaussian parameters for these profiles are also listed in
Table 4 (as ‘Low’), and are shown in Figure 7 (bottom). The
MEG profile shows a velocity shift from v = −661±40 kms−1
(2001) to v = −488± 70 kms−1 (2013) at 2.1σ significance,
but neither profile is resolved.
3.3.2. UV kinematics
We also produce absorption profiles plotted in velocity
space using the UV spectra. The original wavelength-binned
spectra are first normalized by dividing by the estimated con-
tinuum level. This is determined from a cubic-spline fit to
unabsorbed regions of the spectra on either side of absorption
features, using the data binned to ∼ 0.4 Å (∼ 0.8 Å in the
case of Si) as the spline nodes. The observed wavelengths are
then converted to a velocity shift with respect to the rest-frame
wavelengths of the absorption lines. The resulting profiles for
N V (1239 Å), C IV (1548 Å) and Si IV (1403 Å) are shown in
Figure 8. Epoch 2 data are shown in black and Epoch 6 in
red. The dark blue numbered arrows indicate the expected
locations of the UV kinematic components based on the the
values previously reported by G03a; i.e., (1) −1320 kms−1,
(2) −548 kms−1, (3) −724 kms−1, and (4) −1027 kms−1. In
the cases of N V and C IV, the profiles created are a superpo-
sition of features due to each of the lines in the doublet. We
therefore create the profile with respect to the shortest wave-
length doublet member and indicate the expected locations of
the kinematic components of the longer wavelength doublet
member with dark blue triangles. For Si IV, the profiles from
the two doublet members do not overlap. We show only the
profile from the line at 1403 Å as the profile from the shorter
wavelength line contains a strong Galactic absorption feature.
Blue cyan stars on each figure indicate the location of such
interstellar features. The right hand plots in Figure 8 show a
smoothed version of each velocity profile, produced by a cu-
bic spline fit to the data binned to 5× the original velocity bin
size.
In all three of the UV absorption profiles, kinematic compo-
nent 1, which was very strong in Epoch 2 (2001) has com-
pletely disappeared by Epoch 6 (2013). Similarly, compo-
nent 4, which was not present in Epoch 2, appears in all three
profiles in Epoch 6. While this may simply be due to the
strengthening and weakening of physically distinct absorption
components, G03b reported a deceleration of component 1.
Quoted on Figure 8 are the velocity shifts measured from the
minima of the absorption troughs and the inferred decelera-
tions, assuming these remain constant over the full 12 yr pe-
riod. We find a velocity shift of ∆vr ∼ −268 kms−1 corre-
sponding to a deceleration of ar ∼ 7× 10−7 kms−2. This is
lower than the average deceleration reported by G03b, but
they did find a change in the deceleration within their ob-
servations (ar ∼ 8× 10−7 kms−2 between Epochs 1 → 2 and
ar ∼ 18×10−7 kms−2 between 2→ 3). The apparent depth of
the absorption trough now at component 4 is similar to that
which was at component 1, supporting the idea that it may
be due to the same physical absorption component. However,
the profile shape appears strongly asymmetric in Epoch 6 and
the N V profile suggests this may be due to a superposition of
two separate components. While this could be due to the sub-
components of component 1 having different decelerations,
the asymmetry is also clearly observed in the Si IV profile
which is not expected to be the case in such a scenario. This
will be discussed further in J. Gabel et al. (in preparation).
The N V and C IV profiles both show a strong velocity
component 3 in their Epoch 2 spectra, which is weak, or
even no longer present in Epoch 6. Similarly, component 2 is
weak in Epoch 2, but strong in Epoch 6. Component 2 is also
weakly present in the Si IV profile in Epoch 6. In the case of
C IV, component 4 from the longer-wavelength member of
the doublet is expected to appear at the same outflow velocity
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Figure 8. Velocity profiles for the UV absorption lines N V (top), C IV (middle), and Si IV (bottom). They are created after first dividing by the continuum level,
estimated with a cubic spline fit to unabsorbed regions either side of the lines, before converting the observed wavelength to a velocity blueshift with respect to
the rest-frame wavelength of the lines. Epoch 2 data (2001) are shown in black, Epoch 6 data (2013) are shown in red. The velocity bin size is 4 − 5 km s−1 for
the left-hand plots. Dark blue arrows indicate the locations of the UV kinematic components using values from G03a. In the case of N V and C IV, the profile
includes features from both doublet members. In these cases, the expected location of the components from the longer wavelength line are marked with the dark
blue triangles. Cyan stars indicate the locations of interstellar absorption lines. Right hand panels show the same velocity profiles, but with a cubic spline fitted
to the data with the binning increased to 5× the original. In the case of C IV, the ISM absorption lines in the Epoch 2 data have been excluded from the spline
fit; these portions are highlighted in cyan. The velocity shifts and decelerations quoted on each figure are determined from the minima of the absorption troughs
assuming the physical absorption component originally at the velocity shift of component 1 has decelerated at a constant rate to the velocity shift of component 4.
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as component 2, possibly distorting the profile, but the N V
profile which shows similar general effects, suffers from no
such contamination. These observations may again be due
to the independent strengthening and weakening of different
absorption components, particularly as the the two absorption
profiles show different shapes, the one in Epoch 6 being both
narrower and deeper; however the total area of each remains
similar. This may suggest that component 3 has decelerated
to the velocity shift of component 2. No deceleration of
this component was found in the initial study by G03b, but
the deceleration implied would be ar ∼ 3.3× 10−7 kms−2,
corresponding to a velocity change of only ∆vr = −19 kms−1
between Epochs 1 and 3 investigated by G03b. Such a shift
would not have been detected due to the wide absorption
trough of this component (∼ 200 kms−1).
3.4. X-ray/UV absorber connection
The UV velocity profiles indicate significant changes in
the 12 yr period between the observations, possibly due to
radial deceleration of the absorbing material. Such changes
are not apparent in the X-ray velocity profiles; the broad pro-
file shapes remain similar between epochs and no velocity
shifts are detected significant at > 3σ. The possible velocity
shifts in the UV are ∆vr,1→4 ∼ −268kms−1 and ∆vr,3→2 ∼
−125 kms−1. Although the typical errors in the X-ray velocity
estimates are only 50 − 100 kms−1, the widths of the profiles
are very broad, σobs > 300 kms−1 in each epoch, and few are
instrumentally resolved. Therefore it is unlikely that velocity
shifts of these sizes would be detectable in the X-ray velocity
profiles. Assuming typical errors on the central velocity of
40 kms−1 and 85 kms−1 on the 2001 and 2013 MEG profiles,
respectively, only velocity shifts as large as ∆v ≃ 282 kms−1
would be detected with 3σ significance in the X-ray data. The
UV data indicate shifts smaller than this value, which are
therefore unlikely to be detected in the X-ray data whether
present or not.
In Figure 9 we compare the X-ray velocity profile produced
from the absorption lines of H- and He-like Mg to the UV ve-
locity profile for N V (1239 Å). We use Mg as it has one of the
highest S/N X-ray profiles (along with Si), but a higher reso-
lution (215 kms−1 compared with 309 kms−1). We use N V as
the overlap of the features from the two doublet members is
lower than for C IV. While we show only one profile, the com-
bined profiles from each of the four combinations of Mg/Si
and C IV/N V, yield similar results. The top panel shows
the 2001 data, with the X-ray data shown by the black open
circles and the UV data shown by the smooth black curve.
The UV profile has been convolved with a Gaussian of width
σ = 215 kms−1, to downgrade its velocity resolution to match
that of the HEG at these wavelengths (FWHM = 507 kms−1).
The bottom panel shows the 2013 data with red filled circles
showing the X-ray data, and the red curve showing the con-
volved UV velocity profile. The X-ray profiles are binned us-
ing a bin size of 100 kms−1 as in Figures 6 and 7, which over-
samples the instrumental resolution. The blue arrows indicate
the locations of the four UV kinematic components identified
in the 2001 data by G03a.
As seen in previous works (e.g., K02; G03a), the X-ray and
UV velocity profiles appear broadly similar, suggesting that
it may simply be the poorer resolution of the X-ray profile
which limits our detection of relatively small kinematic
changes. Figure 9 shows that the broad X-ray profile may
be a superposition of all four UV kinematic components,
with the asymmetry in the 2001 X-ray profiles being due to
a strong UV component 1. The small differences observed
between the profiles are likely due to them probing different
material. The X-ray profiles are constructed primarily of
absorption lines from higher ionization state ions, whereas
the UV profiles show absorption due to lower ionization state
ions which may reside in different physical absorption compo-
nents. However, photoionization modelling of both the 2001
X-ray and UV spectra indicates that the lowest-ionization
X-ray absorber is consistent with the higher ionization UV
absorbers (components 1b, 2, and 3), suggesting a physical
connection between at least some of the X-ray and UV
absorbing material (Netzer et al. 2003; Gabel et al. 2005).
Figure 9. A combined X-ray and UV velocity profile. The top panel shows
the data from 2001; black, open circles are the X-ray velocity profile con-
structed from absorption lines of H- and He-like Mg (Mg XII and Mg XI)
detected in the HEG. The smooth black curve represents the UV velocity
profile from the absorption line N V at 1239 Å which has been convolved
with a Gaussian of width σ = 215 km s−1 in order to downgrade the spectrum
to match the velocity resolution of the HEG at these wavelengths (∼ 7.1Å).
Note that the dip in the UV profile at v > 0 km s−1 is due to the longer wave-
length doublet member of N V at 1243 Å. The bottom panel considers the
data from 2013, where the UV profile is indicated by the smooth red curve
and the X-ray profile is shown by the red, filled circles and 1σ error bars. The
X-ray velocity profiles are binned using a bin width of 100 km s−1, although
we note that this over-samples the velocity resolution. The blue arrows in
each panel indicate the location of the four UV kinematic components using
the values quoted in G03a. Note that the two panels have different y-axis
ranges.
3.5. Iron K region
In this section, we investigate possible changes in the iron K
region of the spectra between the two epochs.
A relativistically broadened iron Kα emission line at
6.4 keV has been detected in observations of NGC 3783 by
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ASCA (Nandra et al. 1997), BeppoSAX (De Rosa et al. 2002),
Suzaku (Brenneman et al. 2011), and XMM-Newton (Blustin
et al. 2002), although analysis of the XMM-Newton spectrum
by Reeves et al. (2004) showed that when the warm absorbers
were thoroughly modelled in the spectra, the requirement for
a relativistic iron line was greatly reduced. The Chandra data
also did not require a broad line in the modelling, showing
only a narrow core likely produced in distant material (Kaspi
et al. 2002). However, analysis by Yaqoob et al. (2005) found
that the excess of emission at the base of the line could be well
described by either a Compton-scattering ‘shoulder’ or with a
disk-line model. A weaker emission line due to a blend of Fe
Kβ and Fe XXVI emission has been detected in previous ob-
servations (Blustin et al. 2002; Kaspi et al. 2002; Reeves et al.
2004; Yaqoob et al. 2005; Brenneman et al. 2011), although
due to the low branching ratio (150:17 between the Kα and
Kβ transitions), this feature is unlikely to be significantly de-
tected in the Chandra HEG data (2001 or 2013). An absorp-
tion line due to highly ionized iron has been detected in Chan-
dra and Suzaku observations (Kaspi et al. 2002; Yaqoob et al.
2005; Brenneman et al. 2011) and XMM-Newton observations
showed it to be variable on timescales of∼ 105 s (Reeves et al.
2004). The depth of the line varied from one orbit to the next,
appearing strongest when the continuum flux was higher. It is
likely due to the highest ionization component of the warm ab-
sorber (logξ ∼ 3, NH = 5×1022 cm−2) located within 0.1 pc of
the nucleus, passing across the central X-ray emitting source
(Reeves et al. 2004).
For our analysis, only data from the HEG were used, binned
at 0.0025 Å to give the highest resolution spectrum in this
region. The spectral modelling was done in XSPEC v12.7.1,
using the C−statistic (Cash 1979). Figure 10 shows the ratio
of the data to a simple power-law model fit over the energy
range 5.0–7.5 keV (1.6−2.5 Å), excluding 6.0–6.5 keV. Black
corresponds to the 2001 data, red shows the 2013 data, and the
binning in each data set has been increased in the figure for
clarity. The power-law indices were initially left free to vary
independently, but were found to be consistent within their
90% errors and were subsequently tied to the same value. The
normalizations remain free to vary independently. Although
the warm absorbers may introduce subtle spectral curvature
(Reeves et al. 2004; Patrick et al. 2011) which is not taken
into account by our simple modelling of the continuum, this
should not significantly impact our primary goal of comparing
the two data sets obtained at different epochs.
Figure 10 clearly shows the iron Kα emission-line in both
epochs. We therefore fit a power-law plus Gaussian emission
line model, phabs*(po+zgauss) in XSPEC, to data in the
energy range 5 − 7.5 keV. We continue to use the Cash statis-
tic, and errors on best-fitting spectral parameters are quoted
at 90% significance. The best-fitting power-law slopes over
this range are consistent in each epoch, as are the best-fitting
parameters of the iron Kα emission line, which are listed
in Table 5. The addition of the Gaussian emission-line to a
simple power-law model over this energy range results in an
improvement in the Cash statistic of ∆C = 732 in 2001 and
∆C = 145 in 2013, with C = 367 in 2001 and C = 350 in 2013,
for 324 degrees of freedom (ν). The EW of the line does
not change significantly between epochs and is consistent
with literature values (Kaspi et al. 2002; Reeves et al. 2004;
Yaqoob et al. 2005). Although the underlying continuum
flux in the 5–7.5 keV energy range drops significantly in the
2013 data, the line flux remains consistent between epochs.
The width of the line is also consistent for each epoch and
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Figure 10. The iron Kα emission-line region of NGC 3783. Shown is the
ratio of the HEG data to a power-law model fit over the energies 5–6 and
6.5–7.5 keV. This simple model is used here for illustrative purposes only.
The data from 2001 are shown in black and the 2013 data are shown in red.
The spectra from both epochs are modelled simultaneously, with Γ tied to a
common value, but the normalizations allowed to vary independently. The
data has been displayed with an increased binning for clarity.
corresponds to FWHM values that are slightly higher than
those in the literature (Kaspi et al. 2002; Yaqoob et al. 2005),
but our modelling does not take into account the Compton
shoulder created at ∼ 6.2 keV due to the Compton scattering
of the line photons. The width is much lower than that
reported by Reeves et al. (2004), although this is likely a
result of the lower energy resolution of the XMM-Newton
EPIC-pn (∆E ∼ 120 eV at 6 keV; Strüder et al. 2001). The
FWHM resolution of the HETGS is ∆E ∼ 35 eV at 6 keV,
corresponding to ∼ 1750 kms−1, and therefore the emission
line is resolved in both of our data sets.
Table 5
Iron Kα line parameters
Parameter 2001 2013
Γ 1.62+0.09
−0.09 1.47
+0.24
−0.26
E (keV) 6.397+0.002
−0.003 6.400
+0.011
−0.010
σ (eV) 20+2
−4 20
+6
−11
FWHM (km s−1) 2209+212
−424 2208
+636
−1413
EW (eV) 86+9
−8 110
+40
−20
Continuum flux (×10−11 ergs−1cm−2) 1.87+0.03
−0.02 1.23
+0.06
−0.02
Line Flux (×10−13 ergs−1cm−2) 6.39+0.49
−0.51 5.55
+1.03
−1.45
C/ν 367/324 350/324
∆C 732 145
Notes. Each of these parameters are calculated from a fit to data in the
5 − 7.5 keV energy range. ∆C values are the improvement in the Cash
statistic gained when the Gaussian is added to a simple power-law model fit
to data in this energy only.
Using simple virial arguments, the distance to the mate-
rial from which the iron line is emitted is 31+7
−10 light days(2001) and 31+14
−29 light days (2013), corresponding to ∼ 0.026
pc. In this determination we have assumed that the mate-
rial is moving entirely perpendicular to our line-of-sight and
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hence assume the minimum possible velocity and thus derive
a maximum radius for the location of the material. Our esti-
mate places the material beyond the broad-line region which
lies at a distance of r = 0.0015 − 0.0018 pc (FWHMHβ =
2910 − 2650 kms−1; Onken & Peterson 2002) but within the
inner edge of the torus at rin = 0.061 pc, which has been de-
termined from near-infrared reverberation mapping (Hönig
et al. 2013). Given this distance we might expect to see a
response to changes in the continuum as the light travel time
(tcross = 31 days) is much shorter than the time between our
observations (∼ 12 yrs). However, since we likely observe a
combination of emission from material at different locations
around the AGN, such variations may be ‘washed out’ by the
time they reach us. RXTE monitoring shows that the hard X-
ray flux varies considerably with the largest fluctuations being
∆F2−10 keV ∼ 5×10−11 ergs−1cm−2 on timescales of∼ 20 days.
Since no RXTE monitoring is available after January 2012,
we do not know the behavior of the continuum fluctuations
immediately preceding our Chandra observation. We could
therefore be seeing the spectrum responding to a flare in the
continuum emission, an unknown time earlier. This limits our
ability to put a strong constraint on variations of the iron line.
A second Gaussian emission line was included to model
Fe Kβ which is expected to appear in the spectrum at E =
7.06 keV with 11% of the Fe Kα flux. There is a hint of this
line in both data sets, but only upper limits on the EW were
obtained; EW2001 < 40 eV, EW2013 < 80 eV.
A Gaussian was also added to the model to look for
the variable absorption line previously reported at 6.7 keV
(Reeves et al. 2004). Leaving the central energy of the line
as a free parameter does not result in lines at this expected
energy, particularly in the case of the 2013 data due to the
potential feature at 6.8 keV, the nature of which is unclear
(however we note that the bins in the 2013 spectrum contain
only 10 − 15 counts at these energies). Constraining both
the energy and width of the 6.7 keV absorption line to the
parameters given by Yaqoob et al. (2005) and allowing only
the normalizations to vary, we measure EW2001 = 14+7
−8 eV and
EW2013 < 30 eV. This limit is greater than the EW reported
by Reeves et al. (2004) for the XMM-Newton orbit in which
the line was strongest (17± 5 eV); therefore while the line
may have become stronger, we cannot rule out it becoming
weaker, in agreement with the observed dependence on
continuum flux seen by Reeves et al. (2004).
4. SUMMARY
In this paper we have presented recent (2013) Chandra
HETGS and HST COS observations of the nearby Seyfert
galaxy NGC 3783 which is known to show strong absorption
features in its X-ray and UV spectra. We compare these to
the high-resolution, high S/N archival data from 2001, allow-
ing us to investigate variations in the absorption over a 12 yr
period. We summarize our main results below.
1. In Figure 1 we present the broadband X-ray spec-
tra of NGC 3783 from both epochs. There is a
significant drop in flux from F2−6 = (3.84± 0.01)×
10−11 ergs−1cm−2 in 2001, to F2−6 = (2.25± 0.02)×
10−11 ergs−1cm−2 in 2013. A similar (40± 4%) drop in
the 1270 − 1520 Å UV flux is shown in Figure 2. The
change in X-ray flux is consistent with previous varia-
tions observed by RXTE (see the long-term lightcurve
presented in Figure 3).
2. Figure 1 also shows a significant flattening of the X-ray
power-law slope from Γ2−6 = 1.37± 0.01 in 2001, to
Γ2−6 = 1.07± 0.04 in 2013. We show that this is un-
likely to be the result of an increased reflection com-
ponent, although our data do not extend to the higher
energies required to model this in detail. We also found
no strong evidence for a large increase in the column
density of the absorbing material, although smaller vari-
ations which we are unable to detect could contribute to
a change in Γ. The observed variation could also sim-
ply be due to intrinsic variations within the continuum
source itself.
3. Of the 19 individual absorption lines that we consider
in §3.2, we find none with a significant variation in their
line flux or EW between the 2001 and 2013 spectra. We
therefore suggest that there are no dramatic changes in
the covering factor, column density or ionization state
of the absorbing material.
4. We do not find any significant change in the X-ray
kinematics between the two epochs. The average
outflow velocities inferred from individual absorption
lines (v2001, lines = −654± 14 kms−1, v2013, lines = −693±
58 kms−1) and the average values determined from
the velocity profiles (see §3.3; v2001,profiles = −647±
22 kms−1, v2013,profiles = −672± 66 kms−1) are all con-
sistent. The widths of the velocity profiles are also
consistent in each epoch; σobs,2001 = 352± 22 kms−1,
σobs,2013 = 309± 69 kms−1.
5. We do see significant changes in the UV kinematics
between the two epochs, with kinematic components 1
and 3 being much weaker in 2013, while components 4
and 2 are much stronger. This may be due to radial
deceleration of the material with component 1 decel-
erating to the location of component 4 with a1→4 =
7× 10−7 kms−2 (∆v1→4 ∼ −268 kms−1) and compo-
nent 3 decelerating to the location of component 2 with
a3→2 = 3.3× 10−7 kms−2 (∆v3→2 ∼ −125 kms−1).
6. Despite the different behavior apparently observed in
the X-ray and UV kinematics, we show that when the
UV data are downgraded to the velocity resolution of
the X-ray data, very similar velocity profiles are ob-
tained. This suggests a connection between at least
some of the X-ray and UV outflowing material, in
agreement with previous works.
7. We detect a narrow Fe Kα emission line at 6.4 keV in
both data sets. We find no significant variation between
the epochs, with the EW and flux estimates consis-
tent within 1σ; EW2001 = 86+9
−8 eV, EW2013 = 110+40−20 eV
and Fline,2001 = 6.39+0.49
−0.51× 10−13 ergs−1cm−2, Fline,2013 =
5.55+1.03
−1.45 × 10−13 ergs−1cm−2. The widths of the
lines are also consistent (FWHM2001 = 2209+212
−424 kms−1,
FWHM2013 = 2208+636
−1413 kms−1) and using simple virial
arguments, the radial distance of the material producing
the iron line is found to be ∼ 31 light days or 0.026 pc
from the central black hole. This places the material
within the inner edge of the torus but beyond the broad-
line region.
In general, the physical properties of the X-ray WA in
NGC 3783 appear to have remained remarkably stable be-
tween the Chandra HETGS observations in 2001 and 2013.
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This lack of significant absorption variation suggests that the
absorbers lie far from the central SMBH, consistent with
previous lower limits i.e., r ≥ 3.2,0.6,0.2 pc (Netzer et al.
2003) and r ≥ 2.8,0.5 pc (Behar et al. 2003). This places
the absorbers at distances much greater than the BLR (r =
0.0015 − 0.0018 pc; Onken & Peterson 2002) and the inner
edge of the torus (rin = 0.061 pc; Hönig et al. 2013) and hence,
taken at face value, they do not appear to be commensurate
with either a disk-wind origin (Elvis 2000) or photoionization
off of the inner torus edge (Krolik & Kriss 2001). However,
the torus does extend to larger distances, with half-light radii
of r1/2 = 4.23±0.63 pc (major axis) and r1/2 = 1.42±0.21 pc
(minor axis) estimated by mid-infrared interferometry (Hönig
et al. 2013), suggesting that the WA may still be related to this
structure. The WA we currently observe could also have orig-
inated as a disk-wind, but travelled for many years to its cur-
rent, more distant location further from the AGN. This is a sce-
nario more consistent with that suggested by King & Pounds
(2014) in which the wind collides with a shell of gas surround-
ing the SMBH, which rapidly slows and cools, producing an
observable WA. For NGC 3783 this gas is expected to lie at
r ≤ 14 pc (determined from equation 8 of King & Pounds
2014, and using a velocity dispersion of σ = 95± 10 kms−1
from Onken et al. 2004), which may be too distant to explain
the WA observed here, but since we only have lower limits on
its distance, this cannot be stated with certainty. Netzer et al.
(2003) also gave an upper limit of r ≤ 25 pc, consistent with
both this scenario, and with the expected location of the UV
absorbers (Gabel et al. 2005).
While we find no statistically significant variations in the
physical properties of the X-ray WA between our observa-
tions, we note that George et al. (1998) did report a decrease
in the opacity by a factor of ≈ 2 over an 18 month period.
This is not necessarily in conflict with our results as the obser-
vations occurred over a different time interval (1993–1996) to
the data we consider here. It is also not unprecedented for
AGN to show periods of stability and variability with regards
to their absorption properties; e.g. NGC 5548 (Steenbrugge
et al. 2005; Detmers et al. 2008; Krongold et al. 2010; Kaastra
et al. 2014). This suggests that AGN can host absorbing ma-
terial with a range of physical properties and distances from
the central SMBH, producing variations on a wide range of
timescales.
While the X-ray absorption properties lack significant vari-
ation, the UV absorbers show clear kinematic changes. How-
ever, this does not necessarily indicate that the X-ray and UV
absorbing material is not physically related as we show that
such changes would simply not be detected in the lower ve-
locity resolution X-ray data. The dramatic UV variability
observed on > 10 yr timescales can be reasonably expected
to continue, suggesting that further monitoring of NGC 3783
in the UV is likely to yield stronger constraints on the out-
flow physics. The kinematic change in UV component 1 was
first observed in data from 2001 but the potential deceleration
of UV component 3 has required a longer baseline for detec-
tion due to its smaller magnitude. Constraining changes in
this deceleration, as seen in component 1, would require an
even longer baseline. Further observations would also allow
more detailed discrimination between the various scenarios
suggested for the deceleration; e.g. a bulk deceleration of the
material or a directional shift in the motion of the absorber
with respect to our line of sight.
The lack of variation seen in the X-ray WA suggests that
constant monitoring will be required over many years to con-
strain fully its nature. Such a campaign is impractical with
Chandra owing to the long required exposures; a better ap-
proach would be to trigger grating observations in response
to continuous monitoring at lower spectral resolution with,
e.g., Swift. Regular monitoring at high resolution would be
an excellent and feasible program for the forthcoming Athena
X-ray observatory.
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